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ABSTRACT

This repurt outlines the purpose, objectives, and
results of the induiavsisl bygiene psogrsm conducted
in support of Contract AF04(611)-8179. A detailed
deacription of the facilities and methods utilized
for the control of beryllium during the production
and static test firing of beryllium-containing pro-
pellants is presented. Environmental ssmpling data
as wvell ss the date collected from a downwind sam-
pling network are included., The data demonstrate
the feasibility of producing and static test fir-
ing beryllium~conteining propellants,




TABLE OF CONTENTS

Foreword O Y
Abatract . N . . . . . 0 . . . . . . . . . . iv
Intr“uct l on 3 . . . . . . . . * L] L] L] . . . . l

1.0 Beryllium Propellant Facilities . . . . . . . . ., -2
2.0 Physiochemical Properties . . , . . . . . . . . 14
3.0 Hazardous Properties Summry . . . . . . . . . ., 16
4.0 Propellant Preparation, Miring, and Casting--

Nevads Fsciiity e o & o & s & e & e o & a 20
5.0 Propellsnt Cuxing and Preparation--Nevada o e e e . 2%
6.0 Small Motor Preparation end Testing--l’ropulsion

Fleld Laboratory . . . « ¢ ¢ ¢ ¢ + o o & 26

7.0 Static Test Piring--Nevada s s e e o e & e & 28

8.0 Atmospheric Diffusion Studies o s s s s e e e e 13

9.0 General Environswntal Sawpling Program s o e e o a 40

10.0 Site Coutrols, Nevads . . . . . . . ¢« « « + A
11.0 Personal Protective Equipment . . . . . . . . . . 46
12,0 Decontamination . . . . . . .+ + ¢ 4 . . 48
13.0 VWaste Disposal e & s & e s e & & a a4 o o s 50
14,0 Environmental Monitering . . . . . . . . . . . |
15.0 Analytical Services . . . . . . . . . . . . . i3]
16.0 Summary and Conclusions e e e e e e e e e e 54
Appendix A . . . . . L. L L L . o . s s e e e e
References e s e e s e e e e e s e e e e e e 57




10.

11.
12.
1%.

Toxic Propellant laboratory
Interior of Beryllium Laborstory
Combined Toxic Propellant Hixing and Firing Equipment
Toxte Propellant Mixing and Motor Firing Fecility

LIST OF ILLUSTRATIONS

.

. . .

Remote Solid Propellant Facility--Reno, Nevada
Reno Solid Propellant Research Pacility . .

Casting and Mixing Facility
Thruest Stand in Static Test Facility

Glove Box Assembly For Weighing Beryllium

Into Mixer Pot

Diffusion Grid Showing Cloud Peths of

Be Motor Firings

Montage of Cloud Path, Test No. 2
Montage of Cloud Path, Test No. 6

Nevada Facility

L]

.

-

»

o

15-Pound

.

< ® N N -

11
13

21

37

38
51



3.

L
3.
6.
7.
8.
9.
10,
11.
13.

LIST GF TABLES

Properties of Heryllium and Beryllium Oxide .
Mix Bay Airborne Beryllium Concentration , . .
Mix Bay Control Room Airborne Beryllium
Concentration . . . .« + «+ ¢ ¢ & o
Surface Contamination levels ., ., . , . . .
Airborne Beryllium Concentration . . . . . .
Air Concentration, Test Stand Area . . ., . .
Air Sampling Results, Nevade . . . ., . . .
Measured T,I.D, at Various Sampling Statioms . .
Experimental va Theoretical Data om Cloud Diffusion
80il Sample Data . . . ¢ .+ ¢ ¢+ & ¢ o
0ff-8ite Air Sempling Results . , . . . . .
Comparative Berylliu. Analyses ., . . . ., . .

Vil

14

23
24
26
30
31
35
36
40
42

53




INTRGDUCTION

Two tasks are specified in Contract AF04(611)-8179 for the development

of high~energy solid pronellant formulations containing beryllium, Task I
was delineated as indust~.al hygiene to cover all phases of the develop-
ment program, Included in Task I is the preparation of a toxic materi-
als handling manual to provide information on the handling and use of
beryllium in various propellants., Task II involves the technical task

of propellant development and is discussed in Volume 2 of this report.

For ready reference and oricntation purposes, Task I of the experimental
program is reproduced in detail below,

Esrlier vork Iin the industrial hygiene area is included in the previously
issued quarterly reports for this program (Ref. 1 through 3).

TASK I: INDUSTRIAL HYGIENE PROGRAM

1. Determinstion of the beryllium concentration in the
atrosphere in the neighborhosd of the plant shall be
made for hoth long term and peak load cycles. Soil
<amples shall be taken at periodic intervals in the
neighborhood of the plant and subjected to analysis
te determine the beryllium concentration. Working
conditions and plant effluents will be monitored on

a routine basis,

2. Program plans in the over-all area of industrial
hygiene und testing procedures shall be coordinateg
with the Surgeon, Deputy Commander Aerospare System,
ARSEC, USAF, Attention: Captain Owen Kittilatad,

Atr Farce Rocket Propulsion laboratory (H{Y00)
(Hﬂvalupmynt) (1eD=-1), through the Proenring

Contracting Officer prior to initiation of et foprr,
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BERYLLIUM pMPELIANT FACTLLITIES

Intraduction

Several years ago, Hocketdyne initiated a study of the uae of
heryllium in solid propeilanta, It was decided to build research
facilities which woauld allow for easy expansion to handle devel-
opment-size motors, Two approaches were selected: (1) to have
laboratory-acale (up to | pound of propellant) formulation and
test capability at the Propulsion Field laboratory, Santa Susana,
utilizing containment chsnbers whemever possible, snd (2) to

have unconfined larger-scale mixing and firing in s remote por-
tion of the Nevada Test Facility.

Propulsion Field Laboratory, Santc Susana

The beryllium facility at the Propulsion Fisld lLaboratory con-
sists of a formulation building and a unique containment system
for both mixing and firing. The laboratory (shown in Fig. 1
snd 2) is utilized only for handling beryllium-containing pro-
pellants and ingredie-l , and is used for slurrying beryllium
metal powder into binder, propellant casting, motor preparation,
and preparing physical test specimens, Equipment for conduct-
ing special tests such as burning rate, compatibility, and heat
of combustion also are located in this iaboratory, All work
with beryllium powder is done in a dry box and a hood s0 that
the powder is kept within the confined areas. lioth the dry box
and the hood are attached to a suction hlower which pulls the
air through two high-efficiency filtera., The output of the
blower has heen monitored, and the results have indicated that

the filters are greater than 99% efficient.

The propellant mixing and firing »ystem is jocsted near the
beryllium laboratory, Both the mixer (Baker-Perkine vertical;
i-pint capacity) and the fiving stand {2-inch-diameter ballistic
natar) srve completely encloved during opernvion,  The exhaust
froa wbe wogtor Yyring venos threeagh teo cbamers: vhe for«, gy
tosarse vanky and the 4ecand 1. 0 sater snray chather, G he

S then o wvent ta o ategephiere thrg osh o hash ebFre vney f Ty
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1.2.3

- 1.3

1.3.1

1.3.2

system, The mixer contninment chamber also vents through the
same two surge tanka which are so sized that i1n case of a mixer
fire, all the gonses would be scrubbed and filtered hetore
release to the ntmosphere, All of the water from the spray
chamber, as well as all wash water from the area, is returned

to a large catch tank where it can be decontaminated prior to
disposal., The mix cycle and the motor firing sequence are oper-
ated from the nearby sealed blockhouse control room, The
facility is shown in Fig. 3, and the details of its construction
are shown in Fig. 4.

All operations in the beryllium facility are conducted under
strict industrial hygiene control. The operators wear a com-
plete set of protective clothing and have respirators available

for instant use should emergencies arise. T~

Each operator showers before leaving the area and prior to
dressing in his street clothes, Continuous air samples are
taken during sll operations in the area,

Nevada Test Facility

The existing solid propellant research facility in Nevada was
designed to conduct propellant procesaing and testing on a
pilot-plant scule that would be too hazardous or involve quan-
tities of hazardous materials too large to be handled ot the
Propulsion Field Laboratory. Where it is neceswsary to handle
more than !-pound grains of beryllium propellants, the program

i conducted at the Nevada facility,

fhe Nevada facility is shown 1n Fig. 5, and a photograph of the
aren isx shown in Fig, 6, The buildings were designed as the
first <tage 1n the development of an advanced high-energy <olid
propellant faerlity, [The buildings which have been completed
are ~hown an ~olid lines aon big, 5. Ihe buildingsy ~hown in

bealen bines are sohedgled far con<atraction in the near fature,
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The exiasting facility is designed around a reinforced concrete
blockhouse which has been designed to serve as the control cen-
ter for the static test stands. The building is provided with
an oscillograph and strip-chart recorders and television moni-
tors., Control cables commect the control center to the static
test cells to facilitate remote test firings.

The interior of the mixing end casting building facility (Fig. 7)
can be controlled from within the building behind a concrete
barricade. The mixing facility consists of a two-room building
separated ty an 18-inch reinforced concrete wall. One of the
rooms is the mix cell which now contains a l-gallon vertical
Baker-Perkins mixer and a dry box for the transfer and weighing
of beryllium powder, The walls of the bay are of light con-
struction designed to come apart in case of nu'(;,xplo-ion. The
other room contains the mixer controls and facilities for pre-

paring and veighing propellant ingredients.

A curing building, three storage magazines, and s storage build-
ing complete the existing solid propellant facilities. A utility
building contains a well, pumping equipment, and standby elec-
trical generators, The facility has been laid out on a quantity-
distance basis of 400 feet between each building., This distance
provides for a much greater propellant safety capability than

can be achieved in the present buildings at the Propulsion Field

Laboratory,

The remote location and design of this facility permits the
testing of beryllium propellunts without the use of containment
tanks and scrubbers, During static testing of beryllium-c.n-
taining motors, the operating personnel will be in the control
center, which can be sealed until the surrounding atmospherie

ares i+ clear,

[he test building containd two statiec test colly and o motor
preparstion area,  fests can e conducted eatbior frea hehand
the concgete wali of the test cell | or tor bazeedogs et
troa the comtenl conter, A thraar srtand 1o gnatalled an i

st et Fape the Sorketdyne G- and Fhpamd balblby cte ot

10
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and was designed to handle motors containing up to 50 pounds of
propellant. The thrust stand is shown in Fig. 8. A simulated
altitude vacuum chamber and diffuser system has been installed
in the other test bay. A series of 15-pound motors containing
a beryllium propellant has been fired at this facility under
the current contract. These testa are conducted under close
supervision of the Air Force and Rocketdyne Industrial Hygiene
& Safety personnel, and the spresd of beryllium contamination
is being studied by means of various sampling techniques. later
sections of this report will cover the results of the sampling
program,
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2.2

PHYSTOCHEMICAL IROPERTIES

The Physiochemical properties of beryllium and beryllium oxide

are given in Table 1.
TABLE 1
PROPERTIES OF BERYLLIUM AND BERYLLIUM OXIDE

Property Be _Bel
Molecular Weight 9.013 25.0
Boiling Point, C 2970 390¢ (approx)
Melting Point, C 1278 2530 £50
Density, g/cc 1.85 3.025
Heat of Combustion, kcal/g 17.2 [

Beryllium and beryllium oxide may be considered to be insoluble
in water. Deposition of either coupound in natural or potable
water supplies would lead only to minute quantities of the
material remaining in solution, although concentrated suspensions
may occur. Other beryllium compounds may be highly soluble in
water, resulting in excessive concentrations in the water. How-
ever, such soluble compounds are generated by the compositions

currently being studied in only minor quantities,

Finely divided particles of metallic powders may spontaneously
ignite and burn if dispersed in air, producing berylliuam oxide
fumes. However, pyrophoric powders of beryllium are believed

to be less than 0.1 micron in size. Current studies at Rocket-
dyne are being conducted to determine the pyrophoricity of such
powders, liltrafine particles must be handled only in inert
atmospheres to prevent dispersal and ignition, Particles din-
persed in air tend to settle at a velocity which is a functinn
of the diameter and dersity of the particle, Thus, heavily con-
Laminated atmospheres of sirborne particolates ineluding berylliua
contamtmant s tend to be "welfopnrifying' after varyving periody

ot trae depending apon the environmential conditgena,




leryilium metal has & higner heat of combustion per umat of
weight than any other element except hydrogen. The 17.2 kcal
produced per gram of material is considerably greater than the
heet of combustion for boron snd lithium, The :mplications of
this high heat production per unit of weight in the propulsion
industry is self-explenatory,

Standard grade beryllium powders are commercially available with
a composition of 97.4 to 99.0% beryllium. A major portion of
the impurities is beryllium oxide. although trace. amounts of
carbon, iron, aluminum, silicon, and magnesium may be present.
The rav powder may be purchased in various particle size distri-
butions.




3.1

3.1.1

3.1.2

3.1.3

3.1.4

HAZARDOUS PROPERTTIES SUMMARY
Physiological Effects

Beryllium and certain of its compounds are highly toxic when
inhaled into the respiratory system, Continued inhalation of
relatively minor quantities of these compounds may result in
acute or chronic respiratory damage. The more severe form of
the disease (berylliosis) may develop many years after the exces-~
sive exposure has taken place. Clinical detection of the disease
auring the early phases is difficult. The primery method of con-
trol depends upon limiting the respiratory intake of the various

compounds,

Soluble beryliium compounds may cause dermal effects whem in con-
tact with the skin of operatinnal personnel. Impregnation of the
material under the skin may result in the formation of lkil\
lesions. The dermal effects of contact with beryllium are rudilj
controlled by high standards of personal hygiene. Also, spprop-
riate medical care must be available for corrective treatment.

Limited evidence exists which indicates that beryllium has low
toxicity when taken into the gastrointestinal tract. The effects
of ingesting food or water containing beryllium appear to be
minimal,

Considerable literature is available regurding the physiological

effects of beryllium on the body. More detailed information can

be found in the documents listed in Appendix A,

Control Standards

Similar to many toxic materials, certain minimal quantities of
beryllium may be deposited in the reuypiratory syntem without
producing any adverse physiological effects, In general, the
palmoniry tract con tolerate this minimal quuntity without pro-
ducing undesirable effocts,  Hiaed upon this concept, threshnld
Limet vaboes tor many industeol materials oneluding berylloum

have boen devel u;,mI .
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A.

The ainimum medical and induatrial hygiene standards for the

propellant industry of the Air Force Rocket Propulsion Laboratory

(RPFO0), Air Force Syatems Command, USAF, Edwards, California,
are given below:

HEALTR AND SAFETY APPENDIX

In-Plant Recommendations

1.

The average in-plant atmospheric beryllium concentration
should not exceed 2 micrograms per cubic meter. If the
result of the daily weighted average concentration, com-
puted on a quarterly basis, for any occupation exceeds the
2 K/l3. but is less then 5 Ml/". the contractor will sub-
mit plans for necessary corrections for Air Force approval
end provide all personnel exposed in this area with approved
personal respiratory protective equipment. If the daily
average concentration exceeds 5 jg/m’, the operation in
question will be balted until the necessary improvements
can Ls sccomplished. A daily average concentration exceed-
ing 2 ‘./I’ will not be permitted to exist for a period
exceeding 60 days, except with the specific approval of the
Air Force. This approval will be granted only in the event
that satisfactory procedures for reducing the concentrations
to below 2 ug/-3 have bheen accepted by the Air Force,

In the event that a single air sample shows a concentration
in excess of 25 u;/n’ within the operating area, but is less
than 100 ug/u’, all exposed individuals will be provided
with personal respiratory protection approved by the Air
Force and the Air Force will be notified of steps which are
being taken to eliminate the high concentration, If the
concentration exceeds 100 pa/m3 in a ningle sample, opera-
tions will he halted and the necesasary corrections made to
reduce nirhorne concentrationy ut this single pownt to helow
23 ua/m‘. In no cnve will concentrations ahove 25 ug/vns be

permitted to evist far w pertod execeding 60 days without

17




the specific approval of the Air Force. This approval will
be granted only if steps have been undertaken which can be
expected to provide a satisfactory reduction in air

contamination.

B. Out-Plant Recommendations

l.

2.

In the neighborhood of the plant handling beryllium com-
pounds, the average concentrations at the breathing zone
level should not exceed 0.0] micrograms per cubic meter.

[n the event that the maximum average neighborhood concen-
tration at the ground during any celendar month, as deter-
mined on a monthly basis, exceeds 0,01 ug/h’, but does not
exceed 0.05 ug/m>, the plant will be expscted to inform the
Air Force of.lpocific procedures which will be undertaken
to reduce the airborne concentration. In the event that
the concentration exceeds 0.05 ug/n’, operations will be
immediately halted and the necessary corrections made to
reduce the average concentration to below 0.0l ug/i’. In
any event, concentrations above 0,01 ug/h’ will be permitted
to exist for not more than a 60-day period unless specific-
ally authorized by the Air Force., Such authorization will
be forthcoming only if steps are being taken which are
expected to result in a satisfactory reduction in effluent

material,

A maximal concentration of 25 u¢/m’ for 30 minutes (i.e.,
750 ug-min/m’) may be used as a finite number which can be
introduced into diffusion prediction formula to estimnte
the downwind toxic aerosovl exclusion rodii from a4 beryllium

propellant combustion cloud when siting facilities,

C., Medical Supervision

fhere should be n medical progrum svpervised by o physician to

cover all workers who may he potentinally exposed to berylliun
and ite compounds, A complete medical exnmination, with par-
trcalar attention pusd o the gulaonury ayvatem will Le goven b
wll voployecs prror Yo nssrgnmont, Lo berylbian progects and

1]




-

D.

periodically (at least annually) thereafter, including s termi-
nation of employment physiocal examination. A lA-inch by 17-
inch chest X-ray wvill bde taken at each one of these examinaticns
and retained for future reference. If there is any evidence
that an individual has chronic berylliosis poisoning, such an
individual should be excluded from any future exposure to beryl-

lium compounds.

ling Requirements

. 1. An envirommental sampling program will be submitted for

approval by the Air Force Rocket Propulsion Laboratory (RPFO0),
AFSC prior to the initiation of any operations involving the
use of beryllimm/beryllium compounds under this contract.

This program must permit the evaluation of peak and long- 2
term exposure conditions both in the plant and in inhabitod
off-site areas. Provisions for obtaining maximal exposure
information in the event of an accident such as a production
tire or detonation should be included.

2. Meteorological instrumentation for quantitative estadlish-
ment of data to minimize downwind toxicity hazards will be
provided prior to operation of the site. The "Operating
Procedures” must provide for utilization of these data in
determining when firings may be conducted.

Program plans in the over-all area of industrial hygiene and
tecling procedures shall be coordinated with the Surgeon,
Deputy Commander Aerospace System, AFSC, USAF, Attention:
Capt. Owen H. Kittilstad, Air Force Nocket Propulsion Labora-
tory (IPF00) (DCD-1), Edwards Air Force Base, California,
through the Procuring Contracting Officer prior to initiation
of ~ffort.
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h 1.4

h.2

h.2,1

PROPELIANT PREPARATION, MIXING, AND

CASTING--NEVADA FACILITY

Facilities and Equipment

The preparstion of propellant which involves beryllius powder
handling, the mixing of the powder with the binders and oxidiser,
and the displacement casting of the completed propellant formula-
tion are conducted in the mix and cast building (Fig. 7). The
beryllium powder bandling and weighing is accomplished in a speci-
ally constructed glove box ventilated to the outside atmosphere.
Two Cambridge filter-blower nnits were utilized to exhaust the com-
pletely contained box. An access port on the bottom of the box
can be opened to permit transfer of the weighed powder to the mix
pot which wvas placed in contact with the bottom of the glove box.
A gasket seal prevents air leakage between mixing pot and glove
box. A sketch of the glove hox is shown in Fig. 9.

The vertical propellant mixer contains a remote mechanism to
lower and raise the mix pot into the desired position. When
closed, the mixing ares is completely contained from the breath-
ing atmosphere.

Folloving intimate mixing of the ingredients, the formulation bhas
s dough-like consistency with little opportunity for the contained
beryllium to become airborne. The casting is conducted in a
closed system in the same room as the weighing and mixing.

One wall of the preparation room is a concrete blast wall between
the mixing area and the mixing control room, During many opera-
tions, the double doors to the mix cell are opened to provide

dilution ventilation to the cell interior,

Olperational Procedures

All personnel entering the mix hay during propellant preparation
are required to wvear a complete set of protective gear inciudiuy

a filter-type respirator. (See paragraph 11.2.2),
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h, 2.2

4.2.3

h.2.4

4.3
5.3.1

Powder-handling techniques involve the weighing and trsnsfer of
the powder to the mixing pot, The mix pot is covered with plastic
and removed from the glove box after the access port has been
closed, The covered pot is tranaferred to the mixer and placed

in a position to be raised. The mix pot is raised in position
remotely from the adjacent control room. Some powder dispersal
was noted when the blades firat contacted the powder as the mix
pot was raised into place., When locked in position, the mixer is

completely contained,

Following mixing, the propellant is transferred to the casting
equipment where it is cast into the desired configuration. The
mixing blades and pot are scraped to ensure that all the propel-~
lant is in the mold, Displacement casting of the propellant is
conducted remutely from the mix bay control room. The completed

a

grain is permitted to cure in the curing building or in the fir-
ing bay.

The decontamination of the equipment in the preparation cell is
conducted while personnel are wearing a complete set of protective
apparatus., All decontamination is done wet to reduce the gener-
ation of airborne beryllium dust. (See paragraph 12.0).

Environmental Data: Preparation Area

Thirty-seven air samples were collected and analyzed in the mixing
bay of the mix and cast building during motor fabrication. Nine
samples were collected during beryllium handling in a covered
plastic container prior to installation of the ventilated glove
box. The remaining 28 samples were collected after installation
of the ventilated enclosure, Table 2 compares the air sampling
results before and after the installation of the ventilated

containment,




TABLE 2

MIX BAY ATRBORNE BERYLLIUM CONCENTRATION

Average Maximum Minimum
Number of | Concentration, | Concentration, | Concentration,

Location Samples g Be/m g Be/al jig Be/m

Mix Bay 9 14.6 59.5 0.97

Mix Bay 28 0.93 10.4 0.003

(with venti-

lated con-

tainment)

4.3.2 1In addition, 29 samples of the atmosphere were collected in the
control room of the mix building., No respiratory protection was
required in this area, although the respirator wvas readily avail-
able for use. Table 3 summarizes the results of the airborne
contamination found in the wmix building control room:

TABIE 3
MIX BAY CONTROL ROOM ATROORNE BERYLLIUM CONCENTRATION
Average Maximum Minimum
Number of Coneontrnt&on, Contamination, | Contamination,
Location Samples g Be/m g Be/m3 g Be/al
Mix Bay 29 0.312 5.8 0.00%

Control Room

h.’.}

Swear samples were taken in the mixing building periodically to

determine an approximation of the location and quantity of sur-

face contamination that was present.

Thay also served as a

means of determining the effectiveness of decontamination pro-

ceduren,

lfable 4 summarizes the results of this survey,




TABLE &

SURFACE CONTAMINATION LEVELS

Average Maximum Minimum
Number of | Contamination, | Contamination, | Contamination
Location Samples | ug Be/100 ca2 |pug Be/100 cm2 | ug Be/100
Mix Bay 12 3.62 29.2 0.01
Mix Bay & 0.024 0.07 0.008
Control
Room
4.4 Summery and Conclusions
4.4.1 The handling of beryllium powder in the production of propellants
can be conducted without excessive exposure to personnel if
normal industrial hygiene practices are followed, Ventilated
glove boxes or hoods with adequate face velocities of air across
the openings readily contain the powders vhich may be generated.
The uixing operation also cen be done witbout gemerating sir-
borne contamination if the mixing area is adequately closed.
Following mixing, the propellant represents only a minor hazard
in terms of generating an airborne hazard. Adequate care wust.
be exercised to avoid excessive skin contact with the propellant,
since ingredients other than beryllium may have adverse dermal
effects,
4.4.2 The initial effort to contain the beryllium powder during weigh-

ing and transfer by means of local containment in plastic was
After installation of the

glove box, the measured airborne concentrations were greatly

not successful, as showvn in Table 2,
reduced, When the mixing bowl is raised remotely in position,
visible anirborne powder mayv be generated. Although this epera-
tion is conducted remotely, several air samples reflect this
excessive dust production in the mix bav. In general, eavicon-
mental sampling was conducted during periods of time and in
lacations where excesvive contaminntion wns uﬁtlciputvd. Ihe

wamples showing minimal concentrations normally reflect hackgmund
conditions or when mintmsl activity wits conducted 1n the area,
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3.h.1

PROPELIANT CURING AND PREPABATI(N--NEVADA
Facilities and Equipment

Propellant curing, trimming, and installation of the grain in
the firing bardware were conducted in the motor preparation area
of the firing building., The cast grains were transported to
the building by hand truck, permitted to cure in the room atmos-
phere, and trimmed for insertion in the firing hardware,:

All personnel mamipulatirg the cured grains during this operation
vere provided with a complete set of protective clothing and a
respirator,

Operstional Procedures

All personnel working on the beryllium propellant were required
to wear complete protective gear, including a "high efficiency”
filter respirator. Because the beryllium was intimately mixed
with the propellant, no excessive airborne contamination was
anticipated during these operations. Decontamination wvas required
in areas where the grain was processed to remove bdulk trimmings.

Enviroomental Data

Air samples taken in the motor preparation room of the firing
building revealed concentrations of 0,02 and 2.9 p ¢/-3 during
motor firings in the firing bay acrose the blast wall, No other
air samples were taken in the motor preparation area.

Smear surveys for surface contamination in the motor preparation
area indicated contaminstion levels of 0.08, 0.5, and 0.02 ug/
100 cnz. These surveys were taken at various dates during the

completion of the program.

Summary and Conclusions

The available air sampling data do not adequately reflect the
processing conditiona vhich may be encountered during grain trim-
ming and curing. However, the low surface concamination levels
gRest that only very small quantities of heryllium in pawder

form cag he remaved from the mixed and formed propellant,

2

e




6.1.1

6.2
6.2.1

6.3
6.3.1

SMALL MOTOR PREPARATION AND TESTING--PROIVLSION
FIELD LABORATORY

Facilities and Equipment

As part of the propellant formulation program, varioua 2-inch
beryllium-containing teat motors were produced and test fired
at the Propulsion Field Laboratory (PFL) at Santa Susana. The
facilities available for beryllium handling at this facility
include a laboratory building, an entirely enclosed mixing and
firing system, and a change area, These areas are shown in
Fig. 2 and 3.

Operational Procedures

All powder handling was conducted in the ventilated hood or glove
box of the beryllium laboratory. Mixing is conducted in an
enclosed mixer adjacent to the firing stand., Pressing and cur-
ing of the grains was conducted in the beryllium laboratory,

All personnel involved in these operstions were provided with
complete protective gear, including respirators., Personnal

wvere required to decontaminate the area after each day's

operation.

Environmental Data
The air samples collected at the beryllium facilities at PFL
are summarized i{n Table 5.

TABLE 5

ATRBORNE BERYLLIUM CONCENTRATION

Location Concentration, ug Bw'u’
Office 0.006
laboratory 0,02
Near Firing Stand During lesting 0.86
laboratory 0.08
Office 0,005
laborntory 0,007




6.3.2

6.4

Ventilation surveys of the haod were conducted early in the pro-
gram, The face velacity of air moving into the open hood wae
100 fpm, No problems of source control were anticipated based

upon this control velocity,

Summary and Conclusions

The fabrication and testing of the 2-inch beryllium-containing
motors was conducted at PFL without the development of exces-
sive airborne beryllium concentrations in the working area. The
implementation of normal industrial hygiene prectices provides
adequate control for the material during the fabrication and

test firing of the motors.




7.1.2

-~
()

STATIC TEST FIRING--NEVADA
Facilities and Equipment

The location of the test building at the Solid Research Site,
Nevada, is shown in Fig. 10. The cells where the static testing
is conducted are open on the eust side, and the combustion prod-
ucts are dispersed in this direction. The completed grain and
supporting hardware are installed on the mounting supports
inside the cell. Instrumentation leads and igniter comnections
are installed. The test is conducted remotely by the persomnel
in the control center, Easrlier tests were conducted prior to
the installation of a concrete pad in front of the firing stand.
During March 1963, an extended pad was installed in front of
the firing bay to reduce the excessive airborne concentrations
of beryllium found in this area during motor hardware cleaning.
The concrete pad was installed with curbs which drained the
vash vater from the pad to a newly installed underground sump.

The location of the control center is also shown in Fig. 10,
All site personnel are required to be in the control center
during static test firings for blast protection and for protec-
tion from excessive airborne contsmination. All externsl open-
ings to the building are closed to restrict inward diffusion

of airborne contaminants.

Operational Procedures

All personnel in the vicinity of the test stand are required

to wear complete protective gear during final assembly of the
motor hardware, connection of instrument leads, and installa-
tion of the firing mechanism, After arming the motor, persoa-
nel enter the control room snd remsin in the closed room for o

period of at least 20 minutes after the firing.

After fuiring, persomnel wesring complete protective clothing
and resprratory re-onter the teat stand aren for disnenembly
af Lthe motor hardanve ad elesniag ot the area,  he stand
area and pad ate aashed aith water priar ts working on the

Arembly,




Yigure 10. Diffusion Grid Showing Cloud Paths of 15-Poun Be Motor Firings




AN

7.3 Fnvironmental Data

7.3.1 \ir sampling was conducted during the various operations assonci-
ated with the static test firings. Table o summarizes the
results of the monitoring program conducted in various areas
during different operations in the teat,

TABLIE 6
AIR CONCENTRATION, TEST STAND ARFA

Location Number Average Maximum Minimum

nd of Concentration, Concentrltion, Concentration

Operation Samples g Be/n3 4g Be/m ug Be/m?

iring Bay 2 23.8 34.2 13.4

ring Firing

iring Bay During 4 26.3 61.5 0.35

leaning and Motor

moval (before pad

installation)

iring Bsy During 4 2,66 5.22 0.0%

leaning and Motor

moval (after pad

installation)

ontrol Center 1 0.0% e coee

ckground

ontrol Center 10 0,44 2.0 0.000%

uring Static

esting

lucations during various phases of the program.

Air sampling was conducted at a number of different on-site

Tuble 7 sum-

marizes the sumpling data collected 10 various locations on

the site,

tions un the site at the time and positiun designated.

Ihese data reprevent general background concentra-

Samples

Voo 't and 8 1ndicated womewhat higher concentrations of aip-

Lorne berytliwe than eivht he anticrpated, and are probably

fhe result of looal vabalence ap caeple contwmination duringy

Tlarall ing.,




TABLE 7

AIR SAMPLING RESULTS, NEVADA

Date.| Sample Time Loncontrnt;on, Time of
1902 | No. Location and Operation | On |Off Hg Be/m Firings
9-18 i Ten feet north of control|1435{1530 0.04 1445
center during and after and
testing 1715
2 Fifty feet upwind of 1437(1645 0.01
firing bay
3 Fifty feet upwind of 165611747 6.5
firing bay
4 At grid station A-9 174511800 0.13
after firing
9-19 5 Fifty feet upwind of 1400}1700 0.28 1515
firing bay during testing and
1707
6 Ten feet north of control| 1400|1545 0.04
center during motor test
7 Ten feet north of comtrol| 1545|1645 10.3
center between firings
8 Fifty feet upvind of 1700{ 1830 0.26
firing bay during test
7.4 Summary and Conclusions
7.h.1 Munitoring date indicete that excessive sirborne beryllium

concentrations are present in the firing bay during etatic

test firings and during removsl of the motor hardvare after
completion of a test, The data indicate that a significant
reduction in the airborne councentration can be effected by
installation of a suitable concrete extension on the firing bay
which provides improved decontamination in the wurea  The wig-
nificantly higher air concentrations noted prior to installation
of the eoncrete pod suggest that the excessive concentrationg
were generated by surface contsmination of the woil in front

of the firing bay,
Coatral of the atmoqglerse cencentrition an the o« Jowed econtrol

P arpears to e wati<tactory, Yo oexcedslse coneentratlons
et neted g thy e ares areeng the test Sy an the faring

Py




7.4.3

7.0.4

The firing bay area wvas & "resiricted area" throughout the com-
pietion of the test program. All personnel were required to
wear a complete set of protective clothing during entry to this
area. No respiratory protection was required in the control

center during static teating.

The teat firing of beryllium~containing solid propellants was
conducted without incident and without excessive personnel

exposure, as indicated by the measurements during the program. .

However, atrict adherence to procedures is required by site
personnel to minimize the exposure of the test operators during
the post-test disassembly work,




8.0 ATMOSPHERIC DIFFUSION STUDIES
8,1 Equipment

8.1.1 An air sampling network was located downwind of the firing bay to
determine the concentrations of the heryllium clouds at varying
distances from the discharge point. Figure 10 shows the location
of the sampling network relative to the Solid Research facilities,
The samplers on the 600-foot grid were "high volume" samplers oper-

, 9 ated from a portahls motor-generator unit, The samplers located
‘7\ on the 1800-foot arc were gasoline-driven sampling pumps,

\\\\ 8.1.2 Sevaral techniques ware used to determine the cloud's trajectory

and the relationship of the cloud's center to the air monitors.
Photographic coverage from two fixed movis camerss and one sesquence

N camera vas made for each test. By snalysis of these films it was

N\ possible to approximate the horizontal and vertical travel of the
cloud relative to the sampling network. Becsuse the samplers were
placed aquidistant from each otber on the arcs, it is possible to
plot & normelized curve of the crosswind distribution of the
clouds. Upon comparison vith Sutton's poiat source releass equa-
tions, the measured concentration wvas found to be somevhat less
than the calculated concentration.

8.2 Sampling Procedure

8.2.1 The sampling network was started about 1 hour prior to the sched-
uled firing since the gasoline-motor samplers had to be atsrted
manually, Also, the monitors opersted for about 1 hour after the
relesse of the cloud. The filter papers were changed at the com~
pletion of the sampling run for esch firing, The papers wvere

impediately submitted to the laboratory for analysis,

8.2.2 All personnel entering the downvind sampling area were required

to wear 4 complete vet of personal protective gear, including a

respirator,




8.} Sampling Network Results

8.3.1 Sequential photographs of the cloud diffusion are shown in Fig, 11
and 12, These photographs are fairly typical of the usual cloud
dispersion after s atatic test firing.

8.3.2 Table 8 summarises the results obtained from the downwind sampling
nstwork during various test firings of beryllium-containing motors.
The total integrated concentration of beryllium is given at each
sampling station on the netvork in jg-min/m’. The aversge flov
rate of the samplers in l’/lill was divided into the total beryl-
livs in micrograms collscted by the sampler to ohtain the T.I1.D.

8.3.3 Using Sutton's equation for total integrated dossge (T.I.D.) at
the ground downvind of an instantaneous source, the Rocketdyme
Mateorology Unit calculated the T,I.D, at the_1800~foot sampling,

2
2.ID, » —82_— c (5*)2.']

v & iG@)*"

vhere
T.I.D. = total integrasted dosage, %
=
Q = source strength or veight of baryllium relessed,
graos
c? = diffusion coefficient (for isotropic turbulence)
g =~ mean vind speed, meters/second
ut = sample distsnce downwind, meters
a = stability parsmeter (range 0 ta 1)
h = height of smoke plume at sampler, meters

For esch diffusion study (Table 9), the vmlues for 2 vere assigned
according to the stability purameter n, and the height of the center of
the swoke plume, h. The values for n (hetween 0.22 and 0.27 in this
neries) were based upon the vertical tempersture gradient as indicated
Ly tesperatures recorded at different #levations «n this site, und the
cluud herght wue enwtimuted from the triangulated motiun pretures of

vac), test,
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TABLE 9

EXPERIMENTAL VS THEORETICAL DATA
ON CLOUD DIFFUSION

Calculated Measured

Diffusion T.1.D., T.IL.D.,
Study Number Date jg-ain/ul Mg--in/-3

1 9-18-62 1720 1540

2 9-18-62 2360 5180

2 9-18-62 ,2140 960

3 9-18-62 216 765

4 9-19-62 14200 14500

4 9-19-62 4180 1330

5 4-11-63 400 152

6 4-11-63 200 164

7 4-13-63 Cloud did not contact samplers

The wean vind speed (u) and wind direction were read from recorded dats
using Beclman and Whitley instruments located in the test area. The
value for C° (tor n = 0.25, and h varying from 50 to 100 meters) wvas 0,01,
the wind direction was from the west to southwest and the speed averaged

5 meters per second. There was less than 0.5 cloud cover on those days.

8.4 Suemary and Conclusions

8.4.1 The sampling network provides a means of measuring the average
concentration of airborne beryllium at ground level downwind of
the release point. Photographas of the cloud path permit evtima-
tions of the time that the cloud was in contact with the network,
and may be used to verify the path of the cloud in the downwind

area,
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8.4.2 These studies suggeast the following conclusions:

8.4.3

l.

3.

In most cases, the methods of calculating the downwind con-
centration of airborne beryllium appesr to yield a higher
T.I.D. than the measured value. This method of estimating
the downvind concentration at the Solid Research Area can
be used with reasonable confidence for smsll motors.

Because the samplers on the 1800-foot grid were placed 200
feet apart, the peak conmcentration probably was not measured.
If an infinite number of samplers vere used, the mesasured
concentrations would be closer to the calculated values.

The average exposure of personnel in the downvind ares can
be estimsted from the calculated and measured downwind

concentrations.

More data should be available to substantiaste 'thc conclﬁ-ion-

reported in paragraph 8.4.2.
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9.0 GENERAL ENVIRONMENTAL SAMPLING PROGRAM
9.1 Soil Contemination Surveys
9.1.1 Soil samples consisting of 1 sq ft of soil surface 1 inch deep
were collected at the Santa Susans beryllium facility and at the
Solid Research Area, Nevada. The samples vere sieved to obtain
the 325-mesh fraction. This fraction was submitted for analysis.
Table 10 summarizes the dats obtained from these samples.
.
y TABLE 10
AN SOIL SAMPLE DATA
Concentration,
Location Date, 1962 lig Be/gm #0il
&a{a Susans 4-5 1.35
Sa}u Susana 4-5 0.95
Santa Susana 4-5 0.66
Nevada 7-3 0.19
Nevada 7-3 ' 0.43
Nevada 7-3 None Detected
9.1.2 Additional soil samples vere collected during December 1963 fol-
lowing completion of the atatic test firings at Nevada, The
analyticat results have not yet been received. A periodic soil
sampling program will be continued in the future as a company-
sponsored program,
9.2 0ff-Site Air Sampling
9,2.1 Background air ssmpling in the vicinity of the Nevada site was

conducted perindically during the completion of the wtatic test
firings. Table 11 summarizes the results of thiy off-mite

«ampling program. Firure 13 shows location of the sampling site.

P i IR L SR b -4
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TABIE 11

OFF-SITE ATR SAMPLING RESULIS

Start Concentration,

Location Date ug Be/m
Reno, Nevada 7-17-62 2 x 107

Sky Ranch 7-16-62 3.5 x 107"
Reno, Nevada 3-22-63 5.9 x 107
Reno, Nevada 3-27-63 2.1 x 1077
Reno, Nevada 3-30-63 3.7 x 107
Sky Ranch 3-22-63 3.2 x 107"
Sky Bamch 3-26-63 1.5 x 107
Sky Banch 3-28-63 9.1 x 107%
Service Building 12-18-63 4 x 1070

Liquids Area 12-17-63 5.2 x 107

9.2.2 Eight additional samples were taken at the above locations during
July snd August 1962. No beryllium could be detected on the
filter papers submitted from these samples,

9.3 Water Sempling and Analysis

9.%.1 Water sampling and analysis were not performed during the course
of the program. However, a method of evaporation followed by
spectrographic analysis was developed during December 1963.
Somples of water from the wells at the Solid Research Area and
the Advanced Liquids Area were snalyzed during December 1963,

Hoth samples indicated concentrations of less than 0,02 ppm,

9.%.2  Water sampling of surface and underground water in various site
tocutions will bhe incorporated into future programs st the

Nevada site,




9.4
9.~.l

Summary snd Conclusions

In general, & mors rigorous program for evalusting off-site
stmospheric beryllium concentrations should be implemented to
adequately evaluate all off-site areas, Off-site ssmpling
should include the populated areas east of the facility. The
data presented in Table 11 indicate no excessive atmospheric
concentrations of beryllium in the areas sampled. Future pro-
grem plans specify an expanded eaviroumental sempling program at

Nevada »
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10.0
10.1
10.1.1

10.2
10.2.1

10.3
! 100301

10.3.2

lo.’.’

10.4

10.%.1

SITE CONTROLS, NEVADA
Visible Waming Systems

All duildings at the Nevada Solid Research Ares which are pro-
cessing beryllium are designated by a flashing red light on the
building. A similar varning system is instituted om buildings
where formed and pressed grains are stored, processed, or test
fired.

Test Firing Alara Systea

Visual and audible alarms are activated at established intervals
prior to a static test firing, The visual and audible alarm
system provides a warning to all personnel on the site. The pro-
cedures for conducting a test are specified in the site opera-
tional procedures.

Physical Restrictions

All sccess roads to the Solid Research Area are closed during
hasardous processing and test operations on the site. Warning
signs are posted at the entry to the site, All personnel enter-
ing the site must telephone the site control center for permis-

sion or instructions prior to entering the area.

Vehicle and personnel barricades are arranged on the site to
prevent entry to specified areas because of blast ur contamina-

tion hazards.

Contaminated areas are designated on the site in the firing bay
area and the mix building. These areas have been found to con-
tain exceasive surface or airborne contamination at various peri-
ods during processing. Complete protective apparatus must be

worn by site personnel entering these areas,
Meteurological Controls

Test firingy are only cunducted when apecified meteorological
conditions at the teyt vite have been met. For the Solid

Hewvearch Facility, static testing may be conducted throughout
the day «hen the wind bluws from the south-gyouthwest through

north at a specd grester than b knots, and with lese than 6

"




cloud cover, These parameters were chosen only for safe on-site
considerations, since the quantity of material was considered
to be too minimal to create an off-site hazard,




11.0
11.1
11,1.2

11.1.3

11.2
11.2.1

11.2.2

PERSONAL PROTECTIVE EQUIPMENT
General Site Aress

Personne]l employed at the Solid Research Ares, Nevada, are not
required to wear special protective clothing unless they are
required to operate in a specified contamination ares or are
required to wmanipulate materials or equipment which may have
excesaive surface contamination.

81-11|r‘y. personnel at the PFL beryllium facilities are not

\itqg:::d to wear aspecial protective clothing unless operating

in aN\ontaminated area or bhandling highly contaminated hardware.

Restricued Areas

The contaminated areas at the various facilities are as follows:
1.\Mix Bay, Mixing and Casting Building, Nevada

2. Firing Bay, Firing Building, Nevads

3. Firing Bay Pad and Downwind Diffusion Ares, Nevada

b. Beryllium ln‘or.tory, PPL

5. Beryllium Mixing end Firing Area, FPL

The minimum personal protective equipment that must be worn by

personnel working in the areas listed in paragraph 11.2.1 is

as follows,

1. M.S.A, "Confoe" respirator equipped with "Ultra Filter"
Type H canister or M.S.A, "Dusfoe" respirator with Type H
"Ultra Filter" caniater., A full-face M.S.A, canister

respirator is also available for use at the site.

(L]

Coverallas which have heen treated with flame-retardant

materials.
3. Underwear

4. Bouts or plastic <hoe covers,




5.

An air line breathing system is inatalled in the firing
bay. The aystem utilises bottled dreathing air and Scott
full-face masks. TIhe maaks may be used on the air line or
when the air line is disconnected, the mask automatically
converts to a filter respirator,

1‘7




12.0

12,1.2

12,2
12.2.1

12.3
12.3. 1

DECONTAMINATION
Contaminated Areas, Nevada

The static teat area is immediately washed with water following
re-entry of personnel after a firing, The exterior of the motor
hardwvare, as well as the test stand and concrete pad, are also
washed with water., The hardware removed from the motor is
taken to an adjacent area of the pad and washed in water to
remove all usable beryllium. Following water wash, the hardware
is coated with oil to ensure that the surface will remsin "wet."

Similarly, the mix bay is washed with water after each grain
preparstion, Hardware is decontaminated in water or appropriate
solvents to remove beryllium and other residual materials.

Contaminated Areas, FFL

Decontamination of various areas and equipment is also sccom-
plished with water and s wetting agent. All decontaaination
operations must be done wvet wvith personnel adequately protected.

Decontamination of Clothing, Nevada and PFL

All garments worn in contaminated areas of the Nevada site are
vashed in a wachine provided on the site, Clothing from the
PFL operations is sent to a laundry specislizing in the decon-
tamination of protective clothing. The final rinse water from
each batch of laundered garments is analyzed for beryllium by
The Smith-Ewmery Company, Los Angeles, California, Normally,
the beryllium content is less than 0,1 ug per liter of water,

Personnel wearing protective clothing are not permitted to wear

the garments off the mite,

Personnel Decontamination

Chinge rooms are available at both facilitics to provide an
area for the changing of clothing and for bathing, A shower
avparntes the contaminated section from the clean side of the

tuom ta fucilitate personnel decontamination,




12,4.2 Operational procedures specify that all personnel vorking in
contaminated areas will shower before leaving the site,

N\
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13.2
13.3.1

13.3
13.3.1

WASTE DISPOSAL
Liquid Waste, Nevada

Wash water from the Nevada test stand is permitted to drain to
a seepage pit adjscent to the firing pad. The pit is approxi-
mtely 15-feet deep and partially filled with rock., The sur-
face is covered with earth over a protcotive metal cap, Water
from the change area is drained to a septic tank system adjacent
to the change rooms.

Waste Disposal, PFL

Liquid waste from the scrubber system is filtered prior( to
release to the local sanitary sewvage system. The solid wastes
generated in the operation of the laboratory are transported in
drums to the Waste Disposal Section, Atomics Internatiomal, for
tinal disposition vith redicactive waste. 8ince only limited
voluses of solid vastes are gensrated, this method has been
selected decause of convenience rather than necessity.

Belid contglutod Waste, Nevada

All solid waste is placed in a trench located about 100 feet
from the firing bay pad. The trench is about 5-feet deep. The
materisl may either be covered with earth or burned, as in the
case of wvaste beryllium propellant. The burning of waste grains
is conducted wvhile utilizing all the precautions normal to a
static testing of propellant. Final disposition of the waaste
includes an earth covering of 4 feet., Efforts will be made to
prevent disturbing of the burial site wvhen it is finally closed.

50
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14,0
14,2
14.1.1

1~Q1.2

L.1.3

14.2

14.3
14.3.1

ENVIRONMENTAL MONITORING
Equipment

On-site air monitoring is conducted with high-volume Staplex
or Unico air samplers, Whatman's No, 4 filter paper is used
as the collecting wmedium,

Off-site air ssmwpling is done with low=volume samplers using
Whatman's No, 41 filter paper as the filter medium. Ome Gelman
Bantam air sampler and one Gelman portable comtinuous air
sampler are used for air sampling in off-site areas.

Pifteen FPiltronice custom-designea gasoline-driven air samplers
were used on the downvind sampling system. The sampler operates
at 13 2 ofm using s Whatmen's No. 41 filter paper (11 cam) for
collection. The downwind eir samples collected om the 600-foot
arc were taken with 110-volt high-volume samplers powered by
motor-generator units installed om the arc.

Calibration Methods

All highevolums air samplers are periodically calibrated with a
venturi flowmeter and water manometer. The primary calibration
of the flowvmeter bas been done by the Rocketdyne Metrology
Iaboratory. At the time of calibration, the rotometers are set
to provide a true air-flov reading at one peint. If the roto-
meter deviates significantly over the total range from the true
air flow, the correct flowrate is established by means of a

calibration curve.
Sample Handling

All air sample paper removed from the samplers is folded so
that the exposed surface is enclosed and placed in an envelope,
the sample data are recorded in a log book, and the nample is
submitted to the laboratory for analysis. Periodically, blank
sample papers are submitted to determine the extent of cross

contamination,




14.3.2

14.4
14.4.1

Smear ssmples of surface contamination are obtained by lightly
rubbing & l-inch-diamster disk of Whatman's Al filter paper
over the suspected surface area. An area of approximately

100 aq cm is wiped by this technique, The sample is folded so
that the exposed ares is inward, placed in an envelope, 2id sube
mitted for analysis. Because the technique may vary eignifi-
cantly, the data must be interpreted only as a very rough indi-
catiuiiof surface contsmination levels.

~

llonl.torin.\ ‘Q\chnlqno [}

Throughout the course of this program, the primsry concern has
been to evaluats the beryllium exposure of on-site persommel.
Thus, ssmpler locations have been established in areas vhere
site poi\ el do not wvear respiratory protection; also samples
bave been taken in those areas vhere personnel are required to
wear respiratory protection, O0f secondary concern, locations
on site and sreas dovnvwind of the static test firings where ne
personnel are exposed, have been evaluated,

it
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15.0 ANALYTICAL SERVICES
15.1 Sample analysis for beryllium was provided by the following
laboratoriea during the course of this program:
1. Truesdail Laboratories, Los Ange.es, California
2. Analyst's Incorporated, Oakland, California
3. The Rocketdyne Research Department, Analytical Chemistry
Unit, Canoga Park, California
15.2 The samples were analyzed by the wet method using the Morin
technique or by emission spectroacopy.
15.3 To evaluate the capability of the contract laboratory services
utilized by Rocketdyne, beryllium standards prepared by Edwardz
Air Porce Base were submitted to both Truesdail laboratories and
_Analyst's Incorporated for comparative analysis. Table 12
' sumarizes the results of these analyses.
TABLE 12
COMPARATIVE BERYLLIUM ANALYSES
Truesdail Analyst's Edwards Air
Sample Laboratories Incorporated Force Base
Designation (ug Be) (ug Be) (ug Be)
A 0.34 0.24 0.40
B 21.0 20.0 20.3
C 160.0 150.0 151.6
D 2.1 S0 2.3
E 0.011 0.004 0




16.0
16.1

16.2

SUMMARY AND CONCLUSIONS

The Industrial Bygiene and Safety Program (Task I) has demonstrated
the feasibility of producing, handling, and test firing
beryllium-containing propellants without excessive personnel
sxposure. To achieve this end result, the task has required

action in the following areas of concern:

1.

3.

&,

In

Reviev all facility installations and modifications of
existing facilities and wake appropriste recommendations
for exposure control. '

Reviev installations specifically designed for the control
of beryllium and evaluate the effectiveness of the device.

Review the development of procedures for various operations
conducted on the site to preveat excessive exrosure and for
other aspects of employee safety.

Conduct an enviroomental sampling program to evaluate the
need for controls or to determine where controls are tpo
stringent and may rationally be relaxed.

" Determine the need for specific personal protective appara-

tus and make appropriate cecommendations regarding the
duration and location where such devices are necessary.

Train operating peraonnel in the need for protective devices
and apparatus, the hazards associated with beryllium handl-
ing and suggest ways to provide control of the process
without causing unnecessary work restriction.

conclusion, no excessive exposures have been recorded during

this program. The handling techniques have been developed to

provide adequate control without causing undus restrictions being

placed upon operational personnel. The initial attitude of

apprehension which wvas prevalent among operational personnel

during early phases of the program has gradually been converted

to

nn attitude of confidence. This confidence is based upon a

realistic appreciation of the aamociated hazard and a knouwledge

of

the means to control the hazard,

-1
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APPENDIX A

The following are documents on the toxicity and handling of beryllium
and its compounds which may be of interest.

1, Healtk Hasards From Beryllium. Merrie Eisenluid, Health and Safety
Laboratory, ¥,8. Atopic Energy Commission, New York. (Chapter 12

from the Mot:f Jeryllium, Donald W. White, Jr, and Joseph E. Burke,
American Socio;y\s‘\notall, Cleveland, Ohio, 19%%, 620-640,

2. Health Protection in Beryllium Facilities. Summary of Ten Years of
Experience. A.J. PBreslin and W. B, Harris, U.8. Atomic Energy
Commission, Hc\tlth and Safety Laboratory, Newv York Operations 0ffice,
Report No. HASDNS6, 1 May 1938, 58; U.S. Office of Technical Services,
Vasbington 23, D.C., $1.75; AMA Archives of Industrial Health,

Vol. 19, June 1939, 596-648, Bibliography.

3. Beryllium and Berylliosis. J. Schubert, (Scientific American,
Vol. 199, No. 2, August )%%6, 27-33).

4, Boryllium Handling—Reducing Health Risks. R,0,R. Brooks, (Nuclear
Pover, Vol. 3, No. 23, March 1958, 112-114).

5. Beryllium: Hazard Evaluation and Control in Research and Development
Operations. E. C. Hyatt, H. F. Schultz, and others (AMA Archives
of Industrial Health, Vol. 19, February 1959, 211-220, »i-

references).

6. Beryllium Safe Handling Practices. Webster Hodge, (Defense Metals
Information Center, Battelle Memorial Institute. Columbuas, Ohio,
DMIC Memo 2, 22 September 1958, 13) LD-209 799,

7. Disability Found in Persons FExposed to Certain Beryllium Compounds,
H. L. Hurdy, (AMA Archives of Industrial Health, Vol, 12, August
1955, t80-181),




9.

10.

11.

12.

13.

14.

Pathologic Changea Induced by Beryllium Compounds. L. T. Varwald
and A, L, Reeves (AMA Archives of Industrial Health, Vol, 19,
February 1959, 190-199, Bibliography).

Physico-Chemical Studies of Beryllium Complexes, V. The State of
Beryllium in Blood. Isaac Feldman, Jean R. Havill, and W. F.. Neuman.
(iocheitd- University, New York, Contract W7401-eng-4Q, Report No.
UR-246, 17 March 1953, 23, 23 references) AD-12 457. .

Practical Ways to Collect Beryllium Dust, I. A. J. Breslin and
¥, B, Harris. (Air-Engineering, Vol. 2, No. 7, July 1960, 34).

Problems in the Control of Operations in a Beryllium-Processing
Plant. Harry M. Donaldson (AMA Archives of Industrial Health,
Vol. 19, February 1959, 221-224).

8afe Handling Practices for Beryllium. Webster Lodge, Battelle
Memorial Institute, Nonferrous Metallurgy Division, Columbus, Ohio.
(Metal Progress, Vol. 76, July 1959, 142).

Safety Procedure With Beryllium. Henry Allen, (Light Metals, Vol, 21,
No. 238, January 1958, 25).

Toxicity of Beryllium. J., Cholak, L. i, Miiler, and Frank Prince.
University of Cincinnati, Kettering Laboratory, Ohio, Contract
AF33(600)-37211, Quarterly Prcgress Report, Technical Report No.
AMC-7-063, 1958, 25, 50 references) AD-156-072.

Toxicity of Beryllium. C. S, Pomeiee. (Sewage and Lnduetrial
Wastes, Vol. 25, No. 12, December 1933, 1424-1428).
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